ble I. The miscellaneous disease group was made up of two patients with cirrhosis, two with gonococcal arthritis, and one patient each with ankylosing spondylitis, Reiter's syndrome, gout, sarcoidosis, macroglobulinemia, hypergammaglobulinemia, infectious mononucleosis, and a drug reaction. Readings were made without knowledge of the diagnosis. In the case of patients from whom several sera were obtained, the result obtained on the first serum tested was tabulated. Sera were stored at -200 C.
Heart tissue. Samples of ventricular muscle were obtained at autopsy from the hearts of premature and neonatal infants who had died of noncardiac causes. These were quick-frozen in a dry vial immersed in acetone and dry ice and stored at -300 C until used. When known positive sera consistently failed to react with the occasional specimen of heart tissue, this tissue was discarded.
Tissue powders. Heart, liver, and diaphragm were obtained at autopsy from a young adult who had died in an accident. These organs as well as rat liver and kidney were acetone dried by the method of Kaplan (9) . Sera and conjugates were absorbed with 100 mg per ml of the appropriate powder for 1 hour at room temperature.
Antigamma globulin conjugate. Antihuman gamma globulin serum was obtained by intramuscular injection of rabbits on 3 consecutive weeks with a total of 3 mg of human Fraction II 1 and Freund's adjuvant. The globulin fraction of this antiserum was conjugated with fluorescein isothiocyanate according to the technique of Marshall, Eveland, and Smith (10) . Conjugates were absorbed before use with the rat tissue powders.
Staining procedure. Tissue sections were cut at 4 1A in a cryostat, thawed on a slide, and fixed in acetone for 10 minutes at room temperature. The sections were then air-dried and given a final rinse in buffered saline. Test serum was applied to the sections for 1 hour in a moist chamber; the slides were then washed for 10 minutes in three changes of buffered saline and incubated with the conjugated antihuman gamma globulin for 30 minutes. The slides were again washed, drained, and the sections mounted in buffered glycerol. Specificity of the reactions was demonstrated by negative results using conjugated antisera to heterologous gamma globulin and by partial or complete inhibition with unconjugated antihuman gamma globulin.
Readings. The slides were read independently by two observers. The degree of fluorescence was graded on a 0 to 4+ scale, 2 + fluorescence being required for a positive reading. This standard was adopted when experience showed that ± to 1 + degrees of fluorescence were difficult to interpret consistently. Disagreement occurred on 3% of the total of 1,287 slides, mainly where a distinction between 1 and 2 + fluorescence had to be made. These slides were again examined independently, and the rare slides on which the observers were not then in agreement were discarded. The sera were retested at a later date. There was complete agreement between observers on all of the negative slides read. Throughout the study, many sera were repeatedly tested with consistent results.
Results
Patterns of staining. In this study, three distinct patterns of staining were noted, as previously reported by Kaplan and associates (8) . These patterns are hereafter referred to as sarcolemmal-subsarcolemmal (SS), intermyofibrillar (IMF), and diffuse. Staining of the nucleus was noted with sera from a number of patients with various connective tissue diseases. SS staining was visible as fluorescence along the edges of the myofibers. Intermyofibrillar staining was characterized by very thin lines of fluorescence between the individual myofibrils. The entire myofiber was stained in the diffuse pattern. In the tables that follow, positive reactions refer to the sarcolemmal-subsarcolemmal or intermyofibrillar patterns, or both, and unless otherwise stated will be designated as SS-IMF. Intermyofibrillar staining alone was rarely observed. Whether these reactions represent the presence of antigenically similar components of the myofiber is unclear. Favoring this hypothesis is the observation that one or the other or both types of staining were noted at different times when the same sera were applied to various heart specimens. The possibility that they represent different antigens cannot, however, be excluded.
The above terminology utilized to indicate the myocardial reaction sites is necessarily tentative, since the levels of magnification available in fluorescence microscopy do not allow a more specific or detailed localization. Recent electron microscopy studies (11, 12) have demonstrated that the sarcolemma is a complex structure that consists of as many as four separate layers not only surrounding the myofiber but also forming an extensive connecting system around and between the individual myofibrils. The subsarcolemmal and intermyofibrillar areas also contain sarcoplasmic components and mitochondria.
Acute rheumatic fever. In Table I the results in 171 patients with acute rheumatic fever and 201 inactive rheumatic subjects are compared with the various control groups. The diagnosis of acute rheumatic fever was established according to the modified Jones criteria (13) . The incidence of positive reactions (Table III) was greater in patients with carditis experiencing at least the second episode of rheumatic fever (75-0%s ) than in those in their first attack (52.9%). In the patients without carditis, 17.8%o were positive in the first attack and 31.3% in subsequent attacks, indicating a similar relationship. The differences in both cases, however, were not statistically significant.
A group of 65 patients (Table IV) tested during the first attack was subsequently examined 1 year or more afterward. There was a suggestion that the patients with definite carditis and a positive serum reaction had a higher incidence of rheumatic heart disease on follow-up (9 of 15, or 60%o) than a similar group with a negative serum reaction (4 of 11, or 36%). A larger number of patients will be needed to clarify this point.
Relation to antistreptolysin-O titer. The relationship of this titer to the serum factors was studied in 160 patients with rheumatic fever (Table V) . Both the ASO titer and heart antibodies were tested on the same specimen in most patients; in a few, the procedures were performed on specimens obtained within a few days of each other. In most instances, the samples were taken in the first week of admission to Relation to streptococcal infection. In a group of patients attending the prophylactic clinic at Irvington House, 32 (not included in previous tables) who had previously had one or more attacks of rheumatic fever developed streptococcal infections without evidence of a new episode. Sera were available before, during, and after the streptococcal infection. The time interval between the pre-and postinfection sera ranged between 6 and 22 weeks (average, 13 weeks). All three sera were negative in 19, or 59.4%, of the patients. In 7 patients, the preinfection serum was negative but one or both of the subsequent sera were positive. In the remaining 6 patients, the preinfection serum was positive, and of these, 5 became negative during infection and in the postinfection period. The remaining patient became negative during infection but reverted to positive in the postinfection period. The three groups did not differ in the frequency of previous carditis. Results in consecutive sera during rheumatic fever attacks. In each of 19 patients with acute rheumatic fever, at least four sera were obtained at weekly or biweekly intervals after the onset of the acute attack. In 8 patients, all sera were nonreactive. In 9, serum factors were first detected between the second and fifth weeks after the first clinical manifestations of the acute attack, and in 2 these appeared by the sixth and seventh weeks. The sera of 5 of the patients with rheumatoid arthritis were also tested serially and were consistently negative.
Effect of surgery in congenital and rheumatic heart disease. Sera from 18 patients with congenital heart disease and 19 patients with rheumatic heart disease were tested before and after cardiac surgery (Table VI) . The postoperative sera were obtained between the eighth and tenth days. The sera of 10 of 16 patients with rheumatic heart disease that showed negative reactions preoperatively gave positive reactions when examined postoperatively. In contrast, only 1 of 16 patients with congenital heart disease showed a similar change (p < 0.01). One of two rheumatic heart disease sera and two congenital heart disease sera changed from positive to negative.
Miscellaneous heart disease. Two of the 39 patients (Table VII) with miscellaneous heart diseases demonstrated the SS-IMF type of staining. One of these had heart disease of unknown etiology and the second a myocardial infarction. Eight of the group, however, showed a diffuse type of staining. This occurred in 6 of the 22 patients with myocardial infarction, in 1 patient with diphtheritic myocarditis, and 1 with Marfan's syndrome accompanied by pericarditis and myocarditis. All the sera from patients with myocardial infarction were obtained within a 3-8g9 
Discussion
This study confirms and extends previous evidence for the occurrence of factors in human serum that are reactive with heart muscle constituents. Reactions with SS and IMF components were common in inactive rheumatic subjects, in a few patients with miscellaneous cardiac diseases, a few with acute glomerulonephritis, and in 3%o of normal individuals. A diffuse staining pattern was noted in patients with several types of heart disease, mainly myocardial infarction, in some patients with rheumatoid arthritis, some with acute glomerulonephritis, and in 4.5% of a normal group.
The percentage of positive SS-IMF reactions was considerably higher in acute rheumatic fever than in any of the other diseases, being highest in patients with clinically active carditis. The relatively decreased incidence of positive reactions in a large group of inactive rheumatic subjects, with and without rheumatic heart disease, indicates that these serum factors do not persist in the serum indefinitely.
Kaplan and associates (8), also using the immunofluorescent technique, found that 77.4% of 40 patients with acute rheumatic fever gave positive reactions in comparison with the value of 41.5 % we observed. These authors noted all three types of staining patterns, but in contrast to the findings in our group with acute rheumatic fever, in which the diffuse pattern was not seen, 52% of their patients showed diffuse staining. Their higher figure may result from the fact that their results were not restricted to a single serum specimen from each patient and that a lesser degree of fluorescence (1+) was regarded as significant. The variation may also result from the difference in the type of heart tissue utilized; neo-natal heart was used in the present study and adult heart by Kaplan and associates (8) .
The extent to which the results in patients with rheumatic carditis correlate with myocardial rather than endocardial involvement is of some interest. Unfortunately, clinical criteria are not sufficiently accurate to establish such a differentiation. In some of the patients classified as having "no carditis" or "inactive heart disease," undiagnosed myocarditis could have been present. Atrial appendages of patients thought to have inactive rheumatic heart disease have shown the presence of Aschoff bodies, which are generally regarded as evidence of activity (14) .
A comparison of patients undergoing cardiac surgery for either rheumatic or congenital heart disease revealed a marked difference in the number of positive reactions in these groups between the eighth and tenth days after surgery. The large percentage of positive findings at this time in the rheumatic heart disease group may represent a secondary response to cardiac antigens released at the time of surgery. Congenital heart disease patients, on the other hand, presumably exposed to released antigens for the first time during surgery, would not be expected to have a high percentage of positive reactions at that time. Kaplan and co-workers (8) have observed SS staining in a few patients with pulmonary disease after thoracotomy and SS-IMF staining in patients with liver disease. The mechanisms whereby factors capable of reacting with cardiac antigens are released under these conditions are not clear.
In the present series, 7 of 22 patients with myocardial infarction had heart antibodies. Ehrenfeld, Gery (8, 17) and water soluble (17) . Other investigators (1-4, 7, 8, 15) have utilized alcohol, saline, and water soluble extracts of heart for the detection of heart antibodies by other procedures. Whether the antigens involved in these various studies are the same is still unknown.
The fluorescence patterns observed in our study have indicated reactions with different constituents of the myofiber. SS-IMF staining was noted predominantly in patients with rheumatic fever and rheumatic heart disease. The diffuse type of staining was observed in nonrheumatic subjects, most commonly patients with myocardial infarction, and may reflect a different antigen. That diffuse staining is a more widespread and intense form of SS-IMF staining is unlikely for two reasons. First, diffuse staining was characteristic of certain disease states like myocardial infarction and not of others like rheumatic fever, where it was never observed. In the patients with myocardial infarction, 15 of 22 showed no staining at all, although 6 of the 7 positive individuals showed diffuse staining. Secondly, when sera with diffuse staining were absorbed with human heart or skeletal muscle powder, there was no reversion of diffuse staining to the SS-IMF variety as the diffuse staining pattern disappeared. These observations do not appear consistent with the possibility that SS-IMF staining is an attenuated form of diffuse staining. The occurrence of yet other types of muscle antibodies has recently been demonstrated in some patients with myasthenia gravis who have been shown to possess serum factors reactive with both voluntary and cardiac muscle cross-striations (18) (19) (20) .
It is unlikely that the serum factors under discussion are nonspecific, acute phase reactants, since they were present in inactive as well as active rheumatic subject but not in patients with a variety of acute inflammatory diseases. Also, Kushner, Rakita, and Kaplan (21) observed that C-reactive protein in infarcted rabbit hearts was localized to the necrotic area, where it was present at the outer edge of myofibers as well as in the form of inclusions within the substance of necrotic myofibers.
The evidence favors the conclusion that these factors are serum antibodies, although final proof is lacking. They are gamma globulins as indicated by their immunofluorescent reactivity, and they have been shown to exist in both 7S and 19S forms in rheumatic fever serum (8, 17) . Their reactivity appears to be directed at one or more components of normal cardiac and skeletal muscle. Finally, they may be absorbed by muscle powders and extracts of muscle but not by preparations derived from liver. Summary 1. Serum factors reactive with human heart muscle were investigated by the indirect immunofluorescent technique in a total of 624 subjects. Two main staining patterns were observed: sarcolemmal-subsarcolemmal and diffuse; an intermyofibrillar pattern was also seen.
2. In acute rheumatic fever, 41.5% of the patients showed the sarcolemmal-subsarcolemmal pattern, the latter at times accompanied by intermyofibrillar staining. In the presence of carditis, this percentage increased to 63.4%. Only 16.4% of a group of inactive rheumatic subjects gave positive reactions.
3. Twenty-seven per cent of 22 patients with myocardial infarction showed the diffuse type of immunofluorescent reaction; only 1 patient gave the sarcolemmal-subsarcolemmal pattern. The diffuse staining pattern was also occasionally seen in patients with acute glomerulonephritis and rheumatoid arthritis.
4. Other groups, including 66 normal subjects, showed a low incidence of positive reactions.
5. There was a striking increase in incidence of positive reactions after cardiac surgery for rheumatic heart disease as compared with congenital heart disease.
6. There appeared to be no relationship between the incidence of positive reactions and antistreptolysin-O titer.
7. The evidence indicates that the serum factors are antibody in nature.
